Abstract Ganoderma lucidum has a long history of use as a traditional medicine in Asian countries. However, the taxonomy of Ganoderma species remains controversial, since they were initially classified on the basis of their morphological characteristics.
Genomic DNA extraction and PCR amplification. Cultured mycelia, filtered through 2 layers of MiraCloth (Calbiochem, La Jolla, CA, USA), were ground in liquid nitrogen, and genomic DNA was extracted using the cetyltrimethylammonium bromide method [19] . The ITS rDNA region was amplified using the primers ITS1 and ITS4 [20] . PCRs were performed using a premixed polymerase kit ( Taq PreMix; Cloning and sequencing. PCR products were ligated into the pGEM-T easy vector (Promega, Madison, WI, USA) according to the manufacturer's instructions. Ligation products were transformed into the Escherichia coli DH5α competent cell (RBC, Taiwan) by heat shock [21] . Plasmid DNAs were extracted using the DNA Hybrid-QTM Plasmid mini DNA Isolation Kit (GeneAll, Seoul, Korea). Recombinant clones were identified, and the presence of inserts was confirmed by EcoRI restriction enzyme digestion and sequencing (using the SP6 and T7 promoters; GenoTech, Daejeon, Korea).
Sequence analysis. Nucleotide sequences were deposited in the National Center for Biotechnology Information GenBank database (Table 1 ). The sequences of the ITS rDNA were aligned for phylogenetic analysis using the program BioEdit (http://www.mbio.ncsu.edu/bioedit/bioedit.html). The phylogenetic trees were constructed by using the MEGA5 program [22] and the neighbor-joining method [23] . Confidence levels for individual branches of the resulting tree were assessed using the bootstrap test [24] in which 1,000 replicate trees were generated from resampled data.
Basidiospore observation. The size of basidiospores from the Korean cultivated Yeongji strains was determined using a fluorescence microscope (Axio Observer A1; Carl Zeiss, Jena, Germany) and a 5% KOH solution as a mounting medium. At least 10 basidiospores of each mature specimen were measured. The size of each spore was calculated, and the mean value was used in the description.
RESULTS AND DISCUSSION
The phylogenetic analysis of Ganoderma species in this study was generally consistent with the findings reported by the group from China [8, 14] . The 62 Ganoderma strains were divided into 7 groups, A to G (Fig. 1 ). This result was strongly supported by high bootstrap values ranging from 91% to 99%. In addition, Ganoderma lucidum were largely divided into two groups (groups A and G). Group A included all the Korean G. lucidum strains, as well as the G. lucidum strains from Bangladesh and Japan, and Chinese G. sichuanense and G. lingzhi. This group had a high bootstrap support value of 91%. G. meredithae (USA and unknown sources) in group B was closely related to G. lucidum in group A as evidenced by a high bootstrap value of 98%. G. multipileum (China and Taiwan) was grouped within group C and G. tropicum (China and Taiwan) within group D, with 96% and 99% bootstrap support, respectively. Group E includes three strains of G. resinaceum from the Czech Republic and UK (two strains), and was supported by very high bootstrap values of 99%. Strains of G. weberianum (Australia, China, and Philippines) and two other Chinese G. sichuanense strains (Cui 7691 and HMAS 86597; holotype) were grouped within group F with 99% bootstrap support. Groups E and F were closely related with bootstrap values of 96%.
It is worth noting that other G. lucidum strains from This study produced results that corroborate the findings of previous work in this field. Based on both morphological and molecular evidence, Wang et al. [8] reported that G. lucidum is incorrectly recorded in China, as well as in other countries, and suggested that the name 'G. lucidum' as used for the Chinese species should be corrected as G. sichuanense. However, they did not obtain sequences from type specimens of G. sichuanense (the holotype; HMAS 42798). Liao et al. [26] reported that Korean G. lucidum (ASI-7004) could be clustered into one group together with Chinese G. lucidum and G. lingzhi based on the ITS2 sequences and RNA secondary structures.
Fig. 1. Phylogenetic relationships of 62
Ganoderma species based on their internal transcribed spacer region rDNA gene region sequences. This tree was obtained using the neighbor-joining method. Numbers at the branch nodes represent bootstrap values obtained from 1,000 replications (only values greater than 91% are shown). Two strains of Tomophagus colossus were used as the outgroup.
Furthermore, Cao et al. [14] reported that G. sichuanense (included the holotype; HMAS 42798) was distantly phylogenetically related to G. lingzhi (included the holotype; Wu 1006-38), but it was closely related to G. resinaceum. With regard to the morphological characteristics, it has been reported that Chinese G. lucidum (G. lingzhi) has a yellow pore surface [27, 28] , European G. lucidum has a white pore surface [29, 30] , and Korean G. lucidum has pale brownish thread-like tissues in the middle of the context [31] . Cao et al. [14] found that the morphological characteristics of 'G. lucidum' from East Asia were consistent with those of G. lingzhi. Thus, they concluded that G. sichuanense was a distinct species since they display obvious morphological differences from G. lingzhi and suggested that the name 'G. lucidum' should be corrected as G. lingzhi not G. sichuanense.
Ganoderma lucidum (Curtis) P. Karst. was given its name by Petter Adolf Karsten in 1881 based on its morphology [32, 33] . It is commonly called "Yeongji" in Korea, "Lingzhi" in China, and "Reishi" or "Mannentake" in Japan [34] . Phylogenetic analyses placed G. lucidum from various regions of the world in different lineages [9, 13, [35] [36] [37] . However, the Ganoderma species from various countries including Africa, Oceania, America, Asia (China, Korea, and Japan), and Europe [8] have been incorrectly reported as G. lucidum. In addition, Moncalvo et al. [7, 9] classified G. lucidum collections from different regions (Asia and Europe) into different species based on ITS and partial nuclear large subunit ribosomal DNA sequences. This is similar to the results of our ITS nucleotide sequence analysis of G. lucidum. Likewise, Hong and Jung [35] reported that the G. lucidum from Korea and Japan were monophyletic, and were distinguished from the G. lucidum from Europe and North America based on sequence analysis of mitochondrial smallsubunit ribosomal DNA.
As described above, the taxonomy of G. lucidum has been reported by many researchers. Nevertheless, the name G. lucidum has been misapplied to various species around the world. The results of this study also reveal that Korean G. lucidum was clustered into one group together with Chinese G. sichuanense and Chinese G. lingzhi (both formerly G. lucidum), and it was clearly separated from G. lucidum from Europe and North America. In addition, G. sichuanense were divided into two groups (groups A and F). G. sichuanense strains (Cui 7691 and HMAS 86597; holotype), including the holotype, could be clustered into group F together with G. weberianum, and it was closely related to G. resinaceum.
Cao et al. [14] also reported that the size of basidiospores of G. lingzhi [(9.85 ± 0.85) × (6.4 ± 0.6) μm] differs from that of G. sichuanense [(8.3 ± 0.9) × (5.8 ± 0.8) μm]. Interestingly, the average size of the basidiospores from the Korean cultivated Yeongji strains [(10.65 ± 0.65) × (6.6 ± 0.6) μm for ASI-7004, (10 ± 1) × (6.4 ± 0.3) μm for ASI-7071] were similar to that of G. lingzhi (Fig. 2) .
Thus, the comparison of the ITS rDNA sequences and the estimation of the basidiospores size presented in this study confirm previous findings and contribute additional evidence that suggests the naming Korean cultivated Yeongji strains of 'G. lucidum' should be renamed as G. lingzhi.
